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(54) MEMORY CONTROLLER 

(57) Abstract: 

PURPOSE: To obtain a memory controller shuffling data 
of a block in the unit of a screen by a frame memory. 

CONSTITUTION: A rate of data inputted in the unit of 
lines and blocks is converted by a rate conversion 
circuit 11 having a small capacity memory. Then the line 
data are divided by each l*n pixels and the block data 
are divided by each kxn pixels and they are 
inputted/outputted to/from two banks of a 2-bank system 
memory 3 alternately. Then a data access in the unit of 
lines and a data access in the unit of blocks are 
selected for a period shorter than a horizontal line 
period and the data are shuffled in the unit of blocks. 
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Xn®^ (i^l) Id^fJLTlifJfE^y ©&ifc©^ 
/D5.^^©7-^l4kx n (k^l) mmmitL-VttS 

ie* * y ©is^©^;? *»6>«fc«*m usahs*^ 

V *5K«fc'< J' ^ flWB**y K*tLT7 

^©y^ey-Cf*— h**-*-S^Si:, _hB?-f 
^l|M&©X-*£ i X niS^fe ( i ^ 1 ) m^MULrw 
IE* * V <D®.m<D/< is 9 teJBfc*£ i£**fcW:K*ffl b 

(k^l) H*^-CSillB^^-y ©«$:©/^;7;fr>£>ll 

y< > 9 ^zt© * ^ y ->©?*— 9 7 9 -fe X SrSfrfE 9 4 
Ol-QOt 1 — 9 7>.tlJU-Ztiitl t ttflE^ci y ? mfi-C©^- 

XEfcia t> **. s ftom^a t *« *. *: r. ^ t ■*- 5 
**y*i»K«, 

-9 */>*!*©* * v \c£ y mw.7 4 yf-^cAffl* 
*s a vm^ta i, *n 5 <£ 5 km a u 2 !2«© ;* 

^y fHW^B^AW^^nS^o •y9y*—9<0&7'o y 
©x-* £ :7 b s> tmiLto'T'- 9 ^ey M«fc 

Mcaa*rs#«i:, WfE«^^^^©^*yic*f 

«7'fyf-?OAUlAi:^P 9<r>K\&tl<» 
WV&Z.mc'r—97 9 J tx&Lt£\,^Mffl&Wtl7?>£5 
K:lM»i-5#«fcJ:!K «fIIE^^V^*^©p<^-y^ 

«bk Lfcw** 2 is«©^ * y titmmm* 
im&ms j *t>&< £ tBiffi±-ci^-'&B©»«m-^ 

ir-fefHi-©:^ y ^ Srffirg&S*'* v^iS©* y ©« 
^i-s#«fcj:0» mia«[»:^>'^*3S;©j«*y K:*frb 50 
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t i- sn&g 2 lege© * * y «hip£ib. 

s 1 ) k*mm ^m&mk'O? tt<o* y ©aof* ^ 

— ^MB** - *'*^©^* ) (jSl) fc: 

W 9 J: 5. tME**'<:<' *#*©** 

y LTut&ft -§■©§# a** j: tf«E*a i^zn?^ 
ttrttm k-r&n&m 2 ia«©^ * y ityfvsB. 
w*)i7i 5-r vimcc©?*— i x n mm& a 
s 1 ) iz.#m \,nnw.mtL'^? tt<o* * y (o&gvo 

^C©y * y K#bTiWWE#©#%ii**J:WBE*-ttJ 

So 

— 9 T >? ir^^Ftc^ ^- y © y 7 w y Zft 5 ^S(c<t 

[»W©»iW*»Wl 
[0 0 0 1 1 

imm±<omm»m n©»wn, wk«*o^t7y 

[0 0 0 2] 

v^-cre«ifcf | f±i-5^> w^ic^-^iii^i-a^ifK. 

«tU Kb iy^*T!? BSlHfeff-i§-§rW5i-r5 

tvy bfc#^, k b y ~?"t ^7 hmm<om6im-%- 

7 : -9frb Vn-yy'TV h EK©iJ«^ft-^x— 9^m 
-tZZk\ttT%M-T?hZ><, ^©i 5fcSRJB&«?fci-5fc 
»Ki, Ay38Wfefi-^Sr«^C^B y ^ (C^fij LT-?r©Ji!l^ 

[000 3] 0241*, «£#©* ^ y IWWStB©— «il«r 

A^Jffi?-, 3 3\±A*im^m-kl'9 9. 3 1. 3 2li7 
W-A^^-y, 3 61*7^ hTK^%4^ 3 7l*y 
-KTK^MS, 3 5li7K^tl/^^ 3 4IJ 

mt}m-^m^^9 9. 2isB*ffe{i#m^ffi^;fc5. 

[0 0 0 4] A*8Wft«-f-l*» iWfcW-S-AAMHf - U0 

Atl^tl. "tv-993 3{c«t«57V— Apt^E-y 3 1, 3 

!)3 1, 3 2©##ii^T KV^*?l4L-rv^„ — 

y-K7K^I64S3 7m 7W-A^*il3 
1. 3 2©S?^fflUT K^'^^S:5l^$^i•TV^•5 0 $b 
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[0 0 0 51 HT\ 02-4^1^17^^^ 

TlftK-r^o A*«*tt«l^.tf 1 2:4: 0 (DHDTV 

»S4 0. 5MHz, feffl^Cr, Cblify/ 
yy^ft»13. 5MH z -C^Mfi^^^fcHDTVft 
■g-C, Yt23 2W* x Cr, C b(i8ilj^fe3SS{-i^^ 
^y ^^«*5 4MH z -e^J#lSftfct«)t*) 
So rr-TN ^cy^^ir7y^tt, ^^tt^A 
**^6lHB»«>8Mfc«#Sr7V— A^^y 3 1, 3 

[ooo6] aT^'^v^t7y y^o*is^ov^T 

KW-TSo 1 Effi^lftfcW-^M:. B2K*iM:5fc:l 

o oflo^-^-^p y^^jsisiiio Ei 2 

fcisvvr, fl«#*fctt«»#©^wc— 5{@ 

(#lx.fc£EI2(Dl N 3, 5. 7, 9cO^— 
^) £1 h7y^iff-5o £ btc, ^w^uy^ 
B3l^t «t 5M2 7ffltf>^ a:/* ?/^-C#i5££ 

1^X3^0-4 4, 0 — 6 Ott^^E-y -T5/^_hC0^^ a 
[0 0 0 7] /D^^S/t7y^lt -fflRh^^^i 

/n— y^(D^r^7 n^n ^^0 SrEH 2 £>J|g#fc 

z^pu^uy? o&m&mis&mT-r&k^ 1, 2. 

10i(OXw^n^^ (2h77^5» F*3<£>2 
7fi(D-v^i3^tay^firi-^TK*lili-i:, E! 2 <D^EP 

ffi-etTtotb. E)4(C^V^TY0, Yl, Y2, Y3, Y 
4, Y5, Cr, C b <D}mFFXm&M~fo 
[0 0 0 8] A^^ey 3K 3 2te. E12 5[C^ 

"TJ: 5(^4ffl<D^>f ^5 5^ RAM (DRAM) Cio 
r«J^§^t-5 0 B2 5(£*3VVT\ 4 1 i*AyJff-^£4# 

w^ti/^^, 4 2(ita^fa-^^4f$(--r^m^i 




«W¥8-1 9 14 2 5 
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[0 0 0 9] 7U-A^^y <OSbf^(-ol^Tlft^ 

-r^o 5 4MHz-eAAS^Itf^^lt AvJirl/ 
^ 4 1 (Cj:o-C45>^*tt. 13. 5MHzCD^n-/ 
^jaa«-C#4ffl<ODRAM4 3-4 6 {£A;*J £*v£ 0 
— ^<Dtt*fflb«:. 4i(DDRAM4 3 — 4 6 
H13. 5MHzT?»ffl$ttfcf- ^«Ts tiitt±^ 
2*4 2 T?3!SlLlCi§#l Lt54MHz <Dy*— # V"— h 

[0010] m-C\ l7-f>^r-^ttl 3 4 4I 
10 S§ (Yd5l 0 0 8®*, Cr, C b 35S 3 3 6 IB*) 

#DRAM43-46IC@26 (C^f J; 51-33 

6^#ttiKuiH&<0fc»* H4jc*5v^-c^^-y^^^± 

■CttC r irCb^^^^s^SiciBS^tb^o 
[0 0 1 1] ^l-*fbT. gl2-4{^^-t-J: 5(-lPJ 

y^^-C^— ^<DK*fflbH:. 8W*«KfT«rSE* 

tt. 4fflODRAM4 3 — 4 6*»&**L-P*LEI2 7JC* 
20 51-, P-ROW7 Ku^±icfc5 2B*»S:K* 
H1U 2t?4fflFja»HCbTtt|^So ft. 

fcU BS2 6*3^:1513 2 7«C*5V^TH. 4|0DRAM 
lC#L-Cia^>f5^T?RAS, CAS{g-i§\ ROW 
7 Kl/7^oJ;t;cOL7 F^^A* ^^TVn^ *fc 
02 6, El 2 7 (£431^ DATAl-4li4iOTR 
AM 4 3 — 4 6 ^(OAtlteXTfttit)?*— #X+$>Z> 0 
[0 0 12] ££>tc. A*fflrt?<Z>^*y 

Wx.«ft7l/- A<D»S\ 7WA^^ty 3 1 
l?tt»»«#Sr9-f >¥tt"C»#a*. «7l — J*<D 
30 #-&tt8 X 8<D:/u ^^W*C7U^^^y 3 1 
DMfc«-&SrK*mi-o — 7i/-A^y 3 2-ett, 

[0 0 13] t4b*>, 1 7 u—J±ft<Dm&7*—? £r- 
— A^y -ctti 71^— AStrco^^— ?<d-7u 

>^S^^TV^tti^bTV^S 0 ^oo^. 9 >T hT K 
i/^MS3 6 -CIS, 1 >±xm%}7*-*&&&1r 
40 5KIBKS*bT9-f FT KW^Sr^J*"*-*. y- 

u^S-^jsKbrv^So 

[0014] S?>|C, 7K^-fe^^3 5C±9 71/ 
— h7 K^i y — KT K^d s »W$tt> 

& % 7i/-A^*y 3 i#»#a*tt*©ii^f3:, -trw 

^^3 3(cj; 9 AAMf^7^ A^^y 3 lfi«c 
50 iS^^tb. K*fflt«Hll:fc5»&tt, 7^^^y 
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[0 0 15] — f>t7!iym A^^e 

y -tf>S£ 8x8 n ^ ^ffi-efi 1 *)^ 

3frfe8&3 7(aotM$^y^K7 K^^7^f h 
T Kl"*i bT^rtUi^VN, HC<y-K7K^ 
84S3 7-Ctt, ^t7j^i*l:7>f h7K^84 
:g3 6lcj:oT«^^7>( bT K^Sry — KT K 

[0 0 16] 

RAM^V^/:i^ DRAMOf^^7^t^li[?]- 
ROWT KV-^±^3fcV^— ^SrigjRr^-fe^t?**^^ 

ofc 0 
[0 0 17] 

{^«Sc^^^*a;o^*y Sr/gi^T, r-^(OfJ^ 
tc#J#-t-Sr. kKJ; 5. n^f—9<om^T9^7^ 

tEtcu ia<D^ A^^y-eiME^pf*^— 9 
OTfcot, »*3Bi<o«ig(c«s^*y*j«i3Sfi-c 

r^ltkxn (k£l) MSSl^ilt, 

putt* y ^ fcUfcAW^-r* <t 5 

[0 0 18] |»*q|2 058Mlcflii7t^eyiWW* 

MSO^Kt-^w^^U y^z^f—9 
liiXnBI«> r/n 2/^9*— ^ttk XnH*«lc^fRI 
U ^^^^^©^ey^SftO/^^^fcJBfcAUJ 

(Or- * T ^ -fe 7s £tK¥7 -f <fc 9 ®l NjaM -e§3 19 

&x.5<fc 5lc*jfcbfc« 
[0 0 19] *fc, »*«3<o»B8K«i^*yWJ»ag 
«T?tt, 74l/»±Tf7ny9Wfc^Kft£}foZ>7 s ~9 
^/J«©^ ^ y Tv-f y*?J:^n y9 : r— 9<Dy*— 
9i — hkBEWti:**^— ^u—M^*«U 

U 9>f y*ttWf-#7^t7i^P y^*ffi-e<o 




4#H¥8- 1 9 14 2 5 



[0020] *fc. n««4o%eaicftsyeyfMHiK 

«"CB. ^^eywaiSltt^bttl^S^^ciy^^^ 
Z>y*-9 ZA-ffl&V)*^ y "C^^ilU^n ;/ ^ y 5 - 

7>f 9?*— 9<DWV1kiLmz? s — 9 

[0 0 2 1] *fc, W*3K5 0«8aK«5^*y*J«i36 

fi-etis ^*5<t^ojx^¥ffi"eAAS*tS'r— ^ 

So^^y ©**<D^^^tcJHJcAa*i"5IRfc, ^ 

20 xnB*«fcjMHLTAffl*L, t> IS®_b-^lKl 

-$LW<DM&m-%- k fi«##*Hfc* v * JL© IrI — R O W 

^—^T^ir y9WtitT?<07 s ~9T9 J \::*&ik 
T 9 >f J: 5 fiv ^fl « 9 « *. * ± 5 l-«J£ b 

[0 0 2 2] *fc. l»**6 0»Kl!i«Sj?«*y«lfll« 
9-Y^*5«t^0 5'^¥'lft"eA*SJxS7 ? *-^ 

^<op«^y©a»o^^^«ciH(cAmA-rsiR^, 7>f 
30 yf^BixnB*ftc»«u $e>(-j^>r> (j 

£1) ^Sr»#5itp^^^«r«3*)**.TAHl* 
U ^a^^^-^^kXnW^S^fiJb-CAtti^ 

— * T ^ -fe * SttK^P 9 -Y ^JS#I J: 9 @v *JSJW 9 & 
£££ 5(-«^bfCo 

[0 0 2 3] *fc, B**7«>»Klc«*>«*yiH«ia6 
Sr/J>««cD^^y-Cx-^i-— HE*b, Wk'091? 

#,<d**:}) <Dmm<Ds<>9izmizAmx-tz>&\^ u 

40 ls*f—9\± i XnlU*fttC^#Jb. $ ?>(C^ 1 7 -< — 

X-CAUWU ^.^f^likXnliSl^il 
TAtti^b, v4^Mfa-Z(0*f~9T9 J t*k''f*y9 
' *flr-C©f-^7^t^Sr* 5 p7Y J: OfiV^ffl 

[0024] *fc. a*«8<o^Mtc«^^-ey®jffli^ 
a©^*y©««^^^i-«PAmAi-siR(-. 9-f 

50 ly^^L-Q(D"f— 9T9**b7*y9 WiiLX^CO'f— 9 T 
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[0 0 2 51 

y >^£* n xmilj^^-csm^v^^oy -ey &m 

-Y v^-eiSigg-r^ilj^-^ liixn < i £ l ) 

fe. ^n^^^fifc-cajR-rSBHft^— ^ttkxn (k£ 

1) H*fe^*«<o^*y^v^^JW(^»b-ciB«-r 

[0 0 2 6] *fc, »*«2(0«MfcJ:ixtf. ®&^- 
$ <D 7 y >^«r n x mBf**ffiT*»:^>'^ 

x n BX&cttgtt);* fcfflfc:5MW LtAffl^i 
* y ic i: o t :/n 5/ ^ ^ y isyzm^t-fz r. t a*-e 

[0 0 2 71 «*^3«>*W^J:tttf, EiflfcT*— 

^y ^/sv^im-rs^i-. ^^^'^7 

x n W*Sfctt*<z>;* ^ey^y^ nJEM^W l-caw^? 
-rz>tc#>, 7^fyf^^n5/^r^^^yi:S 

[0 0 2 8] BI*354(0»MK«S^*y»J«iag 

g^cfcittf, Ifif-^^v't7y y^^n Xmii^ 

tt-c«*^>'^**«>^^ysrfflv^'r*at-5(S«c, 

^ny^*ffi-eAA*ixS9 f --*Sr/h«««>p« ; ty-e? 



(5) W8-191425 
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[0 0 2 9] £fc. »*«5<0*l8lC«S^*y»Jflil» 
Kfciixf*. B«7^^ <Oi/ 1 7 y y ^S: n x mlt^ 
tt"C*«^^^**o^*ySr«v^-c*»i-6§R*c:. 7 

»»U 7 ^ r-^ li k x n BiSldt©^ ^ y 

So 

[0 0 3 0] Sfc, «**6 0»MKJ:ixtf. HMfc?*— 

?<Dfr7 y y^&nXmiliSIM^y^M^ 

^*y«:fflv^*ai-*Rtc, 7Y^J;^P7^f 
-^Sr/>^^^^ey-Cx-^ h^&LT. *¥t 

V&tLX, 7>fy^»4iXn5Mim -f*y9*f— 
Kfc, j (j^l) 9>f ^«fc!B«rt-S^^^t«JD* 

■fe^dSH^-C* ^^y ft©7 K ^>^t>^¥"Cfc 

So 

[00 3 1] *fc» W*S7©»WK:J:*l«. BHfeT*- 

w >-^w <t 9 1 m ^mm -e 9 -r > h ? u y ? f - ^ 

*)m%.X. y-f l/*r— ^14 i x n^>#Jb, 7"n?^f- 
^ttkXnB3R^5MHU HffiJi-CW— 

MIC ^^-/vKfelclE^-l-S^v^^iJ^x-CI^— 

rowt h~ux±{cm&±-em—&m^&>?>MigiB-%-k 

40 

[0 0 3 2] m&i£8(OftWK£ti\-£^ 

-t^^-r $ y^^y ©!) 7Wj-'>attT?fe»!>« y 

50 [003 3] 




s i r <ommm «9«ks o ^ » ^ taess 
«#w;fc«H\ 3, 4tt2^^^^*y. 5»4A*#- 

hfflirl^^ 6&mjl#— hm-tls??. 7tt7KU 

[0 0 3 4] ffcMv'-y 7 y >-^B#<D»mcov ^tRMt 
tfl2 : 4 : 0 (D ^ y /f-^ y h H D T V iJ^faf "Cs 

WSftYlif y/y y^iKt4 o. 5MHz,fe| 

fffCr, CbSt^!I^HR»13. 5MHz<£> 
HJE&m-f-CfcO, Yfi2 4li, Cr, Cbf*8M^ 
USKElcU-^y v^»»*5 4MH z 

/O^j^^y 3*fctt4|cA^Stt4 0 t/n^v^^ 
y ^(DK*liibtt8ii|*x 8 7>fXD-7\3 y?W$L~e 

[0 0 3 5] A^W^^y ©«3 0iJ|*.tt, #!) 

T\ 2 /^^ ^ * y 4 ttt*»7 A©i§fin Xm 
1 ^ V/— A^coi^y^— ^ Sr^O^ w^^^e y 

[0 0 3 6] 7^yTK^4S8m 7 

4 ^iSL-v<o 2 * * y ^ostii^r k i^^oj; 
^ia^^*ffi't?<o2^^^^ j ey^e><ott*ia 

^7 "CI*, T>T KW*#£#8 k7r**/?T 
«^»9<Offl*Sr7V— ASJc^saica^b, 2^^ 

^^ey3, 4{cm^-r^o se>K. 2/^^*y3, 

[0 0 3 7] f^7yy^fj:, 8Mix8 

9-f i'^flfc-m^^AAJB^ 1 a>e>A#S*t*?*-* 

^*y 3*fctt4{cA*S^So rr-C. TV— 
w^^ey <Di»D «ttf2/^^ j ey3-e» 

ICSLT, 2/^^^ey4m ff»7l/-AOl|^ 50 
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[0 0 3 8] 7>fy7K^»4»8"ett, 

«*Sr**^* 0 7KmH?7m 7>fV7K 

— AfeM^Xtca^U 2/^^^ey 3, 4tcttJ;*rr 

*6te:J:oT3iR£#u rv't7yy^§^7^v¥ 

[0 0 3 9] 2/^^^^ey3, 4(^tt, 

tfH 5 5 & 2»*>^#|jK£>W^ nt^DRA 

M (HT, TSDRAMJ £1^5) Sr/Bv^ 0 H5fc*5 
Wt\ Sltt^^y/WO, 52tt^ ; ey/^l, 

5 3tt»<>'^ 0— COT K 1/^*5 <tI^R AS, CAS, W 

Sir ^ 1 -?£>£ 0 
[0 0 4 0] B5©SDRAMm ROW*5<tt^CO 

=f- $ <omz a** <t t«*m l# * a * 9 mm^n t> 

tl& 0 *fc* f^— ROW7 KW^-hfcfcST*— *M*tL 
Ttt, ROWT K^*SrM#r*-5^ £fc<, COL7K 
v-* SrKWi- 5 r. i ± 5 %K:? p * ^ * <D»S 

T^ir^tcfte^^v^coT Kv^^A^-et^fc 

«>. 0 t^^^ 1 SrXS^T^-tr^i-Sr 

[0 0 4 1] «Ts EI6(C=BeoT, v^t7!l>'^S 
D R AMI^f^r- * OT # -fe^^te^oV ^TfftWt" 
£ 0 r^TMS. 9-f V^ft-CA^SttSWrtftfi-^Sr, El 

6 fc*i-J: 5^8H*«I^M tt, SDRAM©/^ 
^Oir^v^ lfcSSfcAAi-SwfctciO, iitt^n 

S DRAMlC^f LTIt |gl 7>f — /l^K-Ctt^^^ 0, 
1, 0, 1, 0<DJW-C8W**tt-e^-^t»tii*, 
fR27 4—/\'V-?}&'0?l, 0, 1, 0. 1CDIS-C8 

[0 0 4 2] $?>(c. W^p/u y?fr(Dm&y*—? 
jJ5^ROW7 K^J:lc2^WSiT,TlB«SttS J; 5 

So r^-Cte, 8»ftl:7>fVWT^ ^^2o(D 
^^^lc5fS(cA*SixSfcK>, Sl7^-;vK<DH- 
7^n^P^toY0 ( Y2, Y3, YS^ny^tt 
^:x^0(£, Yl, Y4, Cr, Cb^if^H:/^ 
I (Dm— ROWT KW-^±(^IE»S^*o — ^ ^2^ 

— ROWT KW^_b(C|B»$n*o 
[0 0 4 3]H^{C(^. SDRAM^T^-^OSJiA 



# 
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0. H<Dk%'*>? l&mnzti. CS, RAS, CA 
S, WE, T h*UX<OAtlte&Tf7'—*<DAtiitlte1r'< 

x?vy?mn-?'fTt>inz>o m7<oM&. sdram^ 
iccoLT k^^a^^s tmrn^mwiim 

[0 0 4 4] rtLlC*fLT. /n^^WTO^ffll 

SBS*©^:^ 0i:^y^ I^^SK-t*— 

^^"C^ttJi-o fcfdU SDRAM^f)fia^n^ 
^T*. ^^^0, l, 0, l, Qcnmxy*— f&m&tti 
~tfc£>, Y0, Y2, Y3, YSO/n^^CoV^ 

[ 0 0 4 5 ] HIRtCtt:, SDRAM^e>^^^ 
tti^\^m9\c^-r^^ * 5 0 9 <7>i#£\ ro 

W7 Kl/^(DA^f>3CKtlCCOL7 Y^^Kf} 

«FO S D R AM^(D7-^ O Atti^J n t li N -fxx v 

[0 0 4 6] _hi5^os#i i -cmu hj^-^^th 

<O^Pjy^-^>rXfir8Iif5|fx87>f^i:bfcdS, 
t8X8*T»fc^^glW<, nlB^Xm^-f ^ (m, n 
^1) ^/ny^^SrfroTfciv^ *fc, -hlBjUSS 

#y i -m;7 ix— a^-c^p * ^vt^y v^&tTofc 

ffi-efToTt>J:v\ £e>tc:, -bialllteW l -ett, sdr 
AMB4 ? — K*JM£-CT Kl/^Sr^LTx — ?T?*te 

[0 0 4 7] _h|eHJg^Jl-efiy>f y^ttTOA 

a*tt8 !7— K^Sf-^v^ 0 1 I^ULt 

<1X8 (1^1) 17- K*ffi-C§3 5»x.^tfiV\ * 
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fc, ±IBSIJfi«l "Cl*;?^ — ;wFfe[cA*t6^>^t 

/K5tt*<, 85 1* S2^^-/wK*fc(^C^>^{cf5 
«LTt>«fci\, ±IEHJKWlT?ttl^^o^o^ 
^ ^r-^^7>f — KS(c 2 otfvO^ Ol^— RO 

10 X^-fe->^5^£as-c£5 o 

[0 04 8] hjs^j 2 . m^^m<ommm 2 ^iico 

v^Tg£M-r^o 010 ttHlfiffl 2(D^^ey «H93gH<o^ 

«Sffl5>Sr*UTV^5o 1 "T?B\ 19 1 ^*i"«t 5 

(C2^2/^^^^ey SrfflV^v'^ y ^£rfroT 
v^as x 01 Otc^-TJ; ysffteXXf^vyfr 

-?zy*-?u- h gift - t «-<t 

9, ia<D2/^^^ ; ey-Cv't7yy^tTott)«J; 
l\> 01 Ofc^T. 3(i2^>-^^^y. lllif^- 
20 ^ W — h*UUa». 1 2 tt«J«l|il». 13li7>fy7K 

[ 0 0 4 9] El 1 1 fei/^7V >jn$<D2sO? **eV 

W|5 4MHz, 1 6 tr^ hflafclT*— * h^&b 
^^y 3 MAttW LTv't 7 y Z/f&ft 5o 

[oo5o]0ii ^ci3v^T. h£&me 1 1 j-a 

^^tb^^^f 8 try hfficD 1 2 : 4 : 0<D 

Jnttft4 0. 5MHz,ft»IKr, Cbttt^y 
^»«13. 5MHz<DJ»J(HJ:fi-g"T?, y^l/^fa 
^IgtTA^^n^o ^-h^lilg&l ld»6> 

W^SttS^ny^^— ^tt, 2fty^;v (CH) 
t^y^»|[2 7MHz, 8tTyh«"C6 4®* 
©^ny^Wea**HSo fc«U 011 (a) 

40 [0 0 5 1] — hXAEIIft 1 1 -Ctt, 7-<yf 
— ^Y*3j:VC©*V^y >^SJK»4 0. 5MHzfc 
itfl3. 5MH z i^Py^f-^^t^? V^fl 
St*:2 7 MH z tS&it^s^v^y ^^flttJRS 4 

1 6 tfy KB-C2^^^^^ey 3Jc-r— ^SrAA*5 
JiuW^rrSo ::-c, ^-^^A^^m^co§]«9gix. 

ttJDSIU»(-«H 11 ( d ) [Ct^-TX 0 (C 3 2 17— Kfe(C 

[0 0 5 2] bd^U 7>f ^tt. 011 (b) , 

50 (c) \z.7jk-f£ 51-1 ^(Of—^tmmXAtl^ 
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— 9\^\%, gill (a) C/^n5l:8CK^7^ 

>?nm#ibz>o <toT. mi 1 \^-rx?^. 

y ^^ffljS*5 4MHz-C2 8 8CKOrai^n^^f 
-^Ii4^n?/^^ (2 5 67- K) . y^^y"—9\% 
2 8 8 17- K (-t*L J PtuYiS2 1 6 17— h\ C*i7 2!7 
-K) &&-tZ>o L/^ot, Bll (d) (d^r £ 5 
i: 2 8 8 CKOrai^o 3 2 !7- K (16 

bf ^ iJM£-C4[Hk 7^yf-^(i3 2 7-K¥fi 

■C3@fc 4 8 17— K¥flreilEK 
[0053] £g>»S\ neuHawi i^a**± 

^5 5 4MHz, 2 8 8CKrtT^C-Cfc5fc^ V— h 
^die&l lfrfllrttiF I FO^fiSr/h$<*r^r 

[0 0 5 4] (2111 (d) tc^-TJ; 2lc9^ 

[0 0 5 5] ^JSW 2 Ofbf^^El IOC Lfc^o 

KAAStu i/-b^[UKlll-J:oXi/-b^ 

^^^y 3 (C##iA^tL^ 1 !7 V" — J*5r}<D*r' — 9 &m 2 
-EI 4 fc*-r«T?«*tti-r i J: 9 s> 7 y 
V^^tT5o 2*<ls9**rV 3frhOM$frZ>'7*1!>9 

y*—9t*v—b&9m&i naotw-h^nt 

[0 0 5 6] hSguaRi ejffiBiK 

i 2{aot2^y^^^-y 3— <oy — k^- 9h*7<< 

Vy*-?*mi 1 (d) J^i-<t5ft^>f 5>-^"C«JD 
&X.TV^ 0 S&f-* ffiWHUilKH 1 7^>7KI/ 

[00 5 7] #CC 1 1 Ot&m-o^T 

i^w-r^o hi 2»u-h*»iatt©^05/^Htfas> 

5<> Ell 2t£:iol^T. 1 SttA^-fe^^ 16{*7>r 
is*?*- 9 b^^[Hlg&, nii^'^r^w-h 

[00 5 8] A^J-fe 1/^^15 tt, V-r 7 y V^Btlcl* 

e^m-i-A^asB 1 1 a> e> <o 9 ^ — * Stsbk tt7>f 
b&m\mmi Eli 3tc^-r<t 5t-4*a(D8 tf 

y hi^)F I FOtMB/*£;h/C*3!K il 4 (a) \z.m 
-f£?te8Vy MB"CA*SixSY*5J:t5C«#arHl 
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4 (b) Kl^-r^ 5*1 6 \fy hdcox— ^(C^fiLT 

tti;/r*-s 0 ^ r-t\ ni3fc*3vvt. *^y^^»aft 

t40. 5MH z©YffitttYA**V'^^ 6 0(C<fco 
T l©3Si&££f£5SiR£*tF I F0 6 2 F I F0 6 3 
icAJ3$i%Z>o *fc, 13. 5MHz(OCft-^f*CA^ 
1ri^^6 HcJ:o-ClBi*fe*s:^aS5SttF I FO 
6 4 £ F I F06 5icA^£;ft5o 

[0 0 5 9] t4b*», B14 (a) K*i-«fc5fcYfS 
f*Y0, Yl, Y2, Y3 • • <DJH^A#Sfrfc» 
10 -g\ fflWl(7)T-^Y0, Y2 • • «F I F0 6 2 
(C x fff @Of-^Yl , Y3 • • (SF I F0 6 3K 
IStg^n^o »Cfl^«iSKOr-^Cr 0, 
Cr2 • •ltFIF06 4C, -SKR#B0>7*— r 
1, C r 3 • • teF I F0 6 5 KlBttSixao 

[0 0 6 0] Wc, F I F0 6 2-6 5 fcllB« S iftfc 9 
<<>*f~7-9VZmi 4 (b) fc^i-J: 5fcYS2 419%. 
C fct 8 MSlSXSUc: Yffl^-fe * 6 6 *5 <fc C Htfj'-fc 
v^*6 7(c<to-ca^$ixT2^^^7<^ey 3Cttl* 
$*v£ 0 fc/cU YfflAtl/^^6 6tCffl*t^^ 
20 6 7<Dmtim 6 If^ H8T?S>&fc«>, 014 (b) {C 
^-T<t 5J-Y*Sl 2 17— K, Ctt4!7— KSt^-gO^lfeb 
19, t^y^fla»»5 4MHz-C*)5o 

[0061]-*, 2/^y^^^ey 3 3&*e>m*s*ts^ 

ci y97 T —9\*. AAt^^l5Sr^Lt^i3!y^7 f 

U— h3lE«UHl&l 7tt, HI 5Jc*i-«fc 5t-2*£^F I 
FOtcJ;oT#ij«£*xT*5t>. Ell 6 (a) J: 5 

^ t>7 P yy»»5 4MHz, lBtTs'KB-CA 
^SHSt*— *Sr* 016 (b) \Z.7pr$~& 3IC2 7 MH 
30 z, 8 tf^ KBT?2CH(D7 f — ^|C*|ftbT8Sfc««#m 
Mf2|:Wm 
[0 0 6 2] ^n^^r^f^ 016 (a) fc*"*-J: 
5K2/^^*3 3d*5>, -^^^y ^i/JHSKftS 4M 
Hz-C4l7— K (8Mi) tt^n^^BB' (D^— 

tt, H2^*3VNT1, 2*fctt3, 4COi: ^# 

E115^C*5V^T, ^tt4!7— KfiH^A 

40 ^J-fe ^ 6 8 t 6 9 {£#J 9 iitA^3 ^iX, A^7-fe ^ 
99 6 ^ojx^BOl 6lfy KB©f-^S:F 

IFO7 0. 7 11:, A^J-fe:^^^ 6 9T?tt. -?x*y9 
B' ^)f^$:FIF07 2, 7 3CUi*t5o ^Of 

Ell 6 (a) OB0, B2 • •ttFIFO7 0K, 
B 1 , B 3 • • ttF I FO 7 1 {C|B®^^^>o B 
0' , B2' • •ttFIF0 7 2|C, Bl' B3' • • 
HFIF0 7 3^E»Sixao 

[0063] mt)*tu9 9 7 i^-^ry^^ 

^Kl^2 7MHz-C3?5:(CF I F0 7 0 7 1 iC|Blg$ 

so fht^u 1 y9B<of— 9&m$i^xs \*y bmx~mtrt 
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So **L, 0itl^^9 9 7 5ti\ FIFO70t71IC 

y9BtB' (Dr— 9<D§8&te. mi 6 (b) IC^-TH 
[00 64] *fc, 3^fiSDRAMSr 

6 0 SDRAM|CA*$^T^Iil6^ 
3> hffi-C^V^y V^jftfftS 4 MH z tCU— 
tufct>(0-e. gill (d) l^-TJ; 51-. 8 17— KSfc 
d»JlTSDRAM©/^^ 0 t^V^ ll^Siaffl 

[0 0 6 5] rr-C, 1 9>f ^^Or- ?BB1 7 (c^ 
-fj; 5 SDR AMi:» L t» 1 7 ^ K t tt/< y 
9Q y l, 0, l, oayjm^S 17— W?r-^^S 
#5i*. »2 7>f-/VK-ett/^ 1, 0, 1, 0, 1 

o«i?8i7— K*tt-e7 f — ^t»*atr. -<£>®£\ i 

n^a ^#<DIB&7*— ^£3|^— ROWT Kl/^± 
l/y* — ^COROW7 KV-^^^-r^o Sfcfc, El 1 6 
m-ffr£>[Z s 7n y?B hB' Of-^tf^-ROWT 

-^7^t^^8 7-KS (1 6®Si#<0^-^) 
SIM S DRAMO/^^ Sr-gO 19 ^itr-^ SrBfcfrttJ-*- 

[0 0 6 6] 5>T V*W3W^— 9&8 17— K 

S^2o©^^^|cS£Sll^|BftS^Sfc», *17^- 
;l/K©0-7^n^Py^rt<OYO, Yl, Y3, Y4 
^n^^^V^OtC. Y2, Y5, Cr, Cb^a^ 
^tt/^V^ 1 <om— ROWT K^±^1B»Six5 0 — 

D^^t, ra— ROWT KW^±»C|a«S^4 0 

26. 7>fy7K^tt8!7-K (16») fcfc/B) 9 Ife 

toSdS^ /^0i/^lO7K^f±, /W7K 

>7K^»4HI»13m 1 6T7-K(cl[UROW 
TKw^SrJEiW^liiv^fcaC). ittfcMfffi^T/i^y 
XA-ClgjEK^^So *fc* SDRAM±©7K^y 
l/tw 1^9xx7x*y9&<D*f'- Ptm—ROWT Fl" 

[0 0 6 7] HI 8(C N 2 0 4 8 ROWX 2 5 6 CO L 
X 2^V^ Xl6lf^h (16Mbit) OS DRAM 
ICtt-fZ. l*s<—7vy9ft<D**V^y7 (RO 
W7K^^0-2 7) 5r^-r o H18"Cli, RO 
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W7 KW^JiJc Y=7 1 — 4 £"CcDp3— #^-CD^ u 

UL^lc»fcft5 h77^1t 2*5itfh7y^ 3 £ 4 
<0^9xj7xj yftm—T KW*±(£fB»£;h/Cl*5 0 
[0 0 6 8] ^oy^*tt"C<OR*ffll 
W\ 1 y ^^<Of-# #7 K»c 2 oo/^ 

(C, 8 17— KfetC^^ 0 1 ^t^SHCx — 9 

10 9\*. HI 8tc*tJ:5l!:^P3'^R*fflLi*lc#i:4 
5^ nr/n ^ ^^Of^^^l — ROWT Kl^_h(C 
iBa*ixTV^Sfc*IC 5/^f-^OROW7 Kl/ 

*ffcb*v\fc«>, yn?/^7K^4[iIKl4 07;w 

6o fc*:U 3*iR^p^^-e, »<^0, 1, 0, i<e> 

ffi-ex — ^SrR*ai-fc». Y0, Yl, Y3, Y 4 <£> 
©JW#a*A;h4fcfo<5« ^<Ofr#>^ 7u yfr—9 u— h 

[0 0 6 9] *fc, SDRAM^r-^OAM^Il 

mi i ic^-rj; 5tc3 2i7— K*fc«4 8 vm^wt 

*UUfc»#ii**9l0**.* o 011 (d) «fcD9-f 
hi9-K©Bttt3CK, y-K^7^horai-fil 
CK^CO^^V^^K^^-T^o HBSteMU SDR A 
M-(Or-^©S^MIl {gj2 0^<tI/E12 1 {-^"T 
<fc o^:9^( ^^^-Cfr5o B 2 0 (c^i-J: 5 tc W^>- 
v^3<D^g\ SDRAM^y-WCI^ COLT K 
30 U^dSAASttT^b 3 CKl^tf-^^fflA^ 
-5 0 m-C, S#^T-^t»ffltr-^B^7 

CO ROWT KU*A#^-f 5 1 CKflrMTe>"f7& 

SdSfc*^, 5>f M»©COL7K^AAtlft5fc 

cKmj{c-re>ufc^^ oo/y ^*—i?K>& 

**l*nSr»fcSft<*« (82 0Ot&7 0n S jKK 

40 [0 0 7 0] r^LT, SDRAM^(Of-^7^ 

0 2 ltc^i-J; y - K»ffr&>5> htbfP 

ic^^^ra(-l CKO^^^^^MSr^tt^o 

/7^»2CKtLTtJ;V^ ^^h^-^ 

^K©*>f ^/W*s#*iftSo b^b, SDRAMOl 

g(aotii7^f h=^>K©*>f ^/w^ffiiR-efcSiK 

^SST% Bll (d) J^i-«t 5i-SDRAM<oy- 
K»f^d»e>5>f b»f^«-**>SBBKl CK, 7>f h»f^ 
50 ^ ?> y - Kttflsfc**> ^> Ki:3CK^7>^iK^ 
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SDR AM(C#Lt^P y ^^^-C^^ >Wtfrtti L 
1 (d) i^V^SDRAM^(07^ ^#ffiL 

4i\ r©fc«>. mjg-^yi/iczsjfnm^ hi i 

(d) co^^^-^SrT^-te'^i-51^>r^/W c p{-SD 
RAMOy 7^5^^8:175 w£(-J;t>, SDR AM^ 
<Df-^^AWAtl45r £4< y 7Vy>*Sr»r 

^^**<o^*y Srffiv^TV^S^Si6^'f bt>2^^^-e* 

±151116^2 T?ttSDRAM(D W^WSr3 k 
LTV^aSiK-TLfc 3T*>Sifc5a s 4< v 2*fcttl £ 
LTfc.fcVN, u^Tlsistf 2 y-K 

fc. ±IBlllftOT2T?tt^rt/j:5^— ^n^y^rt^ 

ra— ffiit^fiqSEt* ^ n ^ n ^ ^ asp— R OWT K W 

^Jt^gBg£tt-CWc^ ^4< £t> 1^^:/^^ 
[0 0 7 3] IOK0!I3. ftfc:, >£»9ll0£ffiffl3«rBtt: 

ov^Rin-rSo 02 2«:|gifc0j3<D9>f vf*— ^<die 
bfcia-efcSo hmw 2 -eta. 7^vf-^ 

SrHl 7^*f± 7 >r —A- Kfefc SDR AM(df£ 

t<fcv\ -^4*^ B2*3J:t*0 3M*-t-J: 5 1 
^^(OSilC*fpI(i3^^n^a y9xmj&£ivX^Z>tc 

[0 0 7 4] SDRAM^f^T^t^H 2Sfc0S 
i2 2m 1 7 >f ^^7 - ^ ^ S D R AMIC# It 

«f»h7y^-ett^o, i, o, i, ocoflg-c, m 
$th? y9X\Z/<>9 1, 0, l, 0, 1 (DjiH-C^rJVe 

£\ 1 n/ci 7^^iii8lf^^^^-ROW7 K 
i/x ±\z. 2 o©^y^ ic 2 ##J £*lt|B«£;I'l* J: 5 

^Sr*J»-t-5o $f b77^ km%ch?y9<D 

[0 0 7 5) t4b^ 7-f^<S<OT*— 8 !7— K 
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«(-2oO^V^tC35StcA^$n6fc^, «jftH5^ 
- ^ a^nr y9fa<DY 0, Yl, Y3, Y4^ 
uy9\t^9 OK, Y2, Y5, Cr, Cb^Dy^ 
te^V^ 1 <Dm— ROW7 KW*±fcJB«£*LS 0 — 

ROWT Ku*±lce«$Jta 0 ^ciy^R* 

ffl Lf${£#t £ * -5 #jft h7'7^^ «« h7?/^^^D 
^Oixn, l^-ROW7 K^±l-IE®$ix^o rco 

[0 0 7 6] rtbfcatbT* ^uy^*ffiTO([*(Ht 
11. H 2 3 tc^-T J: 5 tc, 8 !7— K^{c2ocd 5/^ 

KU *f^n^-C N 0, 1, 0, 1, 0<Djffl 

t^Py^f- ^SrK*tai-fc». Y0, Yl, Y3, 
Y 4 (O^n 5, ^ tc-ol^T h7*/^ CO^— 

fflASftSa 5 * Y2, Y5, Cr, Cb^n^^lco 

oT. SDRAMOffl^^n y9*f—9\'— h^&tU 
»i 7lcj:oT8!7-KWfc-c«S:h73'^©7 f ^i 
ffifch^^^©^— ^«r3fct«Jk*T, Hll (a) 
"r^a-C^ns/^^-^Srffl^i-So 4*5, SDRAM 
^<D?—9KtiM}9'f 5 ^^tt. HMSffil2 traci?«>s 

[0 0 7 7] 438, JilEHJfe^l 3 h^s^ftfc^ 
>f ^ mSLtDy*—? £r S D R AMfciMW-*^:^ 9 

30 j?>fy (j£l) e^«0*x.tbtf<tV\ 
[0 0 7 8] 

ht i Xn (i ^1) T'Ps'^f-^ttkXn 
(k£l) ®Sf&lC#f!lLT, »^^*^^^y 
<0**©^^^^JHtAffl*-rs J: 5i-bfcco-C, 

y tc*f lth^— ^ ^iSM-cAa^-r 5 r ^ ^t?* 

[0 0 7 9] i*«2^[Utlll ^>f>-*5 

40 -Cv*-^W- b^&U 7^y7^«iXniife 
(C. ^n^^f»-^f4kXnHl*«l!l»lRlU ««^^ 

^*A©y*y<o»*o^v^^jiDi{cAm*b, 
L7tcO"C 1 w — a ^^ey -e^D ^ ^ v^r ^ y 

[0 0 8 0] »**3«>»W(CJ:*ttf, 
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27— ^£riJ09&x.T, 7^>f-^|j:iXnIiS 
[0 0 8 1] IS*«4co^5g(cJ;^«. *^yfH 

i xi y 9 y*— ? Sr/J^ffi«ft * y "C^- ^ h £ 
i£, 7xiy2*f— ^ttkxnBBRfetcSSo^^-y^v 

^^s^Wltaw^u hb±^h— tt«-*>s 

[0 0 8 3] *fc. »*E6<0»Wtcj;ixii, 7>f^ 
*«t»«ltS6Kj?>fy <j£l) mcy*—?& 

S. 

[0 0 8 4] *fc. f|3K^7cD5&?g(cJ:n«, ^-<v*5 

(D/O^^JffiftAHlA-t-SBR, 7 4^— i X nBf 
T*^— ^Sr»*iitf^^^«r«J9*A.TAttlAU 7^ 
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[0 0 8 5] W#*8<D»WlcJ:*Ui. 9>f>*5 

^tf/p *>> ^ ¥&-CA* $ti§r-^ Sr/h««<o^ y 

^^y fc^5-r-^<OAffl*i:aftSwi:3ftS)!cv^ 
[Biii0ffi¥ttR91] 
10 [Hi] ^W^JfiWKO^^eyffilWKttSr*^ 

[B 3 ] n y ? <o«j*Sr*-TH"e*>So 

[H4] p^u ^^<0«ja6Sr*i-HT?*>6o 

[05] 2^^^^*y «>fl!Aes:*i-^t3 ^0-c*> 

[El 6 ] HffiCT 1 $>5>f ^©»*3i**«feS:* 

20 [17] 1 COSDRAM(Of-^7^t^^ 

[El 8 ] 1 co^n 3, ^ ^ ^<oK*Ui L^ffiSr 

[El 9] HJS^Jl OSDRAMOf- ^T^-fe-xSr* 
-TE|-?fo3o 

[ei i o ] ^mw&mmm 2<d*^v mmmw&^-r 

[eii i] mmm2(D'7v ytry*—* t ?4 i/*?—? 

30 [eii 2] mmw2<Du~ h&m&<omi&&^-r'7v 
y?m-?foz> 0 

[eii 3] mmm2<Dy^^y'—^u—h^m^(om 

^KSr^-T^n y ? mx+h&o 

[Ell 4] *Jlt«2(D9-f #©»*ii**jSfeSr 

^H-Ei-?&£c 
[Ell 5] HJSW2^ay^7 ? — h^m^co 

[Ell 6] II^J2co^a^^7 ? -^o^mb*-ffi 

40 [Ell 7] 5ll6W2<Z>9-f ^T 5 — *<Z>^V^«J9*^. 
Sr^t-EI-Cfcao 

[Ell 8] HJS^iJ2(D^- : ey-^^^S:^E|-Cfc5o 

ieii 9] mmm2<D7vy?7*—?<D/<> 

[@20] mWl2^)SDRAM^T-^7^t^S: 

^"TE|-Cfc5o 
[El 2 1 ] HWJ2©SDRAM<Dr-^7^t^^ 

^-TEl-?fc£o 
[EI 2 2] **M<0HJEW3<09>f 9 0>'*># 
50 ■aJDUlx.Sr^-t-ia-CfcSo 



# 



(12) 
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[02 3] mM&}3<D7v iy?7 f —?<Ds<l'?ty*)& 
[025] «#W<D!7 t-A^^ y *ri5*-*-BT?*>5 0 

[02 7] fe&m<DMfi^-? <dt ? ^z^-tm-v * 
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3, 4 2^<>^^^ey, 5 A##— NJHirl^^ 
6 bfflirV-^, 7 7Km^^ s 8 

11 hXtftlslB. 1 2 ffilftllBUBk 13 7 
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